INTRODUCTION
The borehole-gravity surveys described here were undertaken as part of the Southwest Alluvial Basins Study, which is one of a number of U.S. t Geological Survey planned or ongoing regional aquifer studies. The objective of the borehole-gravity surveys was to investigate general relations between density and depth in the basin-fill deposits of central and southern Arizona. Such deposits form the major aquifers of the region and store large volumes of ground water. \ Basin-fill deposits penetrated by six wells in Butler Valley, Vekol
Valley, Avra Valley, and the Tucson basin ( fig. 1 ), in central and southern Arizona, were logged in January, 1980, with the U.S. Geological SurveyLaCoste and Romberg borehole gravity meter. These cased wells were originally drilled for water supplies or for aquifer tests.
Subsurface depths in this report are given in feet, in conformance with common usage and understanding of well data. The multiplying factor to convert feet to meters in 0.3048.
GEOLOGIC SETTING
The borehole-gravity data described here are .from intermontane basins (grabens) in or adjacent to the Sonoran Desert section of the Basin and Range physiographic province (Fenneman, 193D. Mountains (horsts) bounding the basins consist of igneous, metamorphic, and sedimentary rocks ranging from Precambrian through Cenozoic in age (Wilson and others, 1969) . The basin-fill deposits, described by Scarborough and Peirce (1976, p. 253) as "the sedimentary group that was deposited in basins created by the Basin and Range disturbance", are up to about 9,000 ft thick (Eberly and r Stanley, 1978, p. 938) . They consist of gravel, sand, silt, and clay, and locally include interbedded volcanic rocks and evaporites (Scarborough and Peirce, 1978) . In general, the clastic sediments grade from coarse grained at basin margins to fine grained in the centers. Basin-fill deposits in the study area have not been formally named except in the Tucson basin, \ where Davidson (1973) subdivided them into the Tinaja beds of Miocene and Pliocene age and the Fort Lowell Formation of Pleistocene age.
BOREHOLE-GRAVITY MEASUREMENTS
The U.S. Geological Survey-LaCoste and Romberg borehole gravity meter (described by McCulloh, LaCoste, and others, 1967; McCulloh, Schoellhamer, and others, 1967 ) was used to carry out borehole-gravity surveys in the six wells located in Figure 1 . The borehole gravity meter has a radius of investigation of tens of feet. Density values derived from borehole-gravity measurements are not significantly influenced by casing, borehole rugosity, or formation damage caused by .drilling.
Fundamentals of borehole-gravity logging and data interpretation, considerations of the effective radius of investigation, and applications to geologic problems have been discussed by many authors, including Smith (1950) , Goodell and Fay (1964 ), Howell, Heintz, and Barry (1966 ), McCulloh (1966 , Healey (1970) , Beyer (1971 ), Jageler (1976 , Hearst and McKague (1976 ), and Scnraoker (1977a , 1979 .
Subsurface gravity stations were located where wire-line or drillers' logs indicated variations in formation properties. Additional stations were located between formation breaks to establish details of density variations. Densities determined from borehole-gravity measurements become more accurate as vertical station separation increases, so that station selection involves a tradeoff between stratigraphic detail and density accuracy (Schmoker, 1978) .
Drift control for the borehole-gravity surveys was established by \ station reoccupations; tidal corrections and terrain corrections were applied to the borehole-gravity data. Principal facts for the borehole-gravity measurements of this study are tabulated in Tables 1-6. In the absence of complicating structural factors, the relation between formation density and measurements of gravity in a borehole is given by (McCulloh, 1966) :
where J * s t*16 average formation density between two vertically separated points in the borehole (g/cnr), F is the free-air vertical gradient of gravity (mgals/ft), Ag is the measured difference in gravity between the vertically separated points (mgals), and Az is the vertical separation (ft). In the study area, the free-air gradient of gravity is slightly distorted by regional mass anomalies associated with horst (high density) and graben (low density) structure. In each well surveyed, the theoretical r free-air gradient of 0.09406 mgals/ft was corrected for such structure by modeling the gravity effect of a two-dimensional polygon representing the estimated regional configuration of the graben in which the well was located. The magnitude of this correction varied witfr-estimated graben structure, location of the well within the graben, and well depth, but was 
DENSITIES OF BASIN-FILL DEPOSITS
Densities of the basin-fill deposits logged in this study, calculated from borehole-gravity data, are listed in Table 7 . Well MW-2 Well BUT-1 Figure 4 . Comparison of the density of basin-fill deposits in parts of Arizona and Nevada. Data for curve A from Healey (1970) . Curve B modified from Eaton and others (1972, fig. 11 ). Data for curve C from Mattick and others (1973, fig. 4 ). Data for curve D from Figure 3<of this study.
POROSITIES OF BASIN-FILL DEPOSITS
Porosity, <£> , was computed for intervals below the water table from the borehole-gravity density, J , using the equation:
where j5 is the estimated average grain density and J _ is the pore-fluid density (g/cm ). Pores were assumed to be filled with water of density 3 3 1.00 g/cm ; grain densities of 2.50, 2.65, and 2.80 g/cm were used. The porosity calculation is quite sensitive to grain density and error in this \ parameter is a major source of porosity uncertainty. A grain density of 3 2.65 g/cm probably best represents the basin fill. Grain densities of o 2.50 and 2.80 g/cnr are thought to represent upper and lower limits. Table 8 lists average porosities, calculated from the borehole-gravity data, of the water-saturated density layers shown in Figure 2 . Such data can be used to estimate volumes of ground water in place.
In some instances, porosity also shows a positive correlation with hydraulic conductivity and so is related to potential aquifer production.
In Avra Valley (well WKF) , for example, preliminary results of a three-dimensional mathematical model of the ground-water system indicate that the density layer between 326 and 67^ ft, with a mean porosity of about 26 percent, is from two to four times more permeable than the underlying density layer (67^-1,285 ft) with a mean porosity of about 21 percent (D. R. Pool, U.S. Geological Survey, oral commun., 1980). Vekol Valley is divided into two parts by a buried ridge of consolidated rock (Wilson, 1979, p. 8) . The mean porosity of the saturated basin fill is about 18 percent in the northern part (VEK-5) and about 31 percent in the southern part (VEK-2). Aquifer tests and results of a preliminary model of the ground-water system indicate that basin-fill deposits in the southern part are two to four times more permeable than those in the northern part (R. P. Wilson, U.S. Geological Survey, oral commun., 1980) . \ It must be strongly emphasized that there can be many exceptions to the positive correlation between porosity and hydraulic conductivity.
Hydraulic conductivity depends on factors such as grain size and grain-size distribution, pore-throat geometry, fracture density, etc. It is only when such factors remain approximately constant that increasing porosity correlates with increasing capacity of the rock to transmit fluid.
